3175-Pos Board B280 Molecular Dynamics of Tropomyosin Bound to F-Actin Xiaochuan Edward Li, Stefan Fischer, William Lehman. We have previously studied the structural mechanics of isolated tropomyosin molecules by electron microscopy and Molecular Dynamics protocols. We found that single tropomyosin molecules bend anisotropically without showing any signs of kinks or joints. We observed that, even in the absence of actin, tropomyosin, on average, has a shape matching the helical curvature of F-actin filaments. Moreover, isolated tropomyosin is semi-rigid with an apparent persistence length (an estimate of curvature) of 104 nm and dynamic persistence length (a measure of flexibility) of 423 nm (Li et al., 2010) . In order to determine the likely position of tropomyosin on F-actin, we docked theMD structure of tropomyosin into EM reconstructions of F-actin-tropomyosin. The location found is the same as that computed for tropomyosin on F-actin following a search to optimize their intermolecular electrostatic contacts. We have initiated NAMD MD simulations of this structure of F-actin-tropomyosin at 300 K in explicit water including 150mM NaCl. Here tropomyosin fluctuates locally around the closed C-state position on F-actin, maintaining its initial electrostatic contacts as well as hydrophobic interactions with actin residue Pro333. Over the current 25 ns MD run, the apparent and dynamic persistence lengths of the tropomyosin on F-actin are 113 nm and 3318 nm, demonstrating that tropomyosin maintains a comparable degree of curvature either when bound to F-actin or when unbound, but that its flexibility is restricted by the presence of F-actin. Any azimuthal movement of tropomyosin on F-actin that is induced by troponin and/or myosin may require perturbation of the weak stabilizing interactions noted between tropomyosin and F-actin. We are continuing the current MD run and are also planning to run simulations at higher temperatures in attempting to detect transitions of tropomyosin to the open and blocked M-and B-states of the thin filament.
3176-Pos Board B281
Thin Filament Length in Mouse Skeletal Muscle and its Relationship to Differential Splicing of Nebulin Danielle Buck, Paola Tonino, Adam Hoying, Henk Granzier. Nebulin is a large actin binding protein (600-800 kDa) which undergoes differential splicing to yield proteins of various sizes in different skeletal muscles. This giant protein has been proposed to function as a molecular ruler to determine the length of the thin filament in skeletal muscle. Using electron microscopy, we measured the length of the thin filament in mouse skeletal muscle. It was found that the length of the thin filament was greatest in the soleus (1.25 5 0.004, N=136), shortest in the psoas major muscle (1.20 5 0.011, N=102), and intermediate in the tibialis cranialis muscle (1.22 5 0.005, N=161). Next, we estimated the molecular weight of nebulin in these tissues to assess if nebulin size correlates with thin filament length. In mice, nebulin size was found to vary between 700kDa in the psoas major, extensor digitus longdum and gastrocnemius to 750kDa in the soleus and diaphragm muscle while intermediate lengths were found in quadriceps and tibialis cranialis muscle. Since there was a positive correlation between thin filament length and nebulin size, we next sought to determine if the differences in nebulin size could be explained by differential splicing of nebulin between mouse skeletal muscles. Using a home-made nebulin exon microarray, we compared the exon composition between these muscles and found that the soleus muscle nebulin isoforms contains M-repeats in the Zdisk (exons 153-155) while nebulin isoforms in other muscle types do not contain these repeats. This data has been confirmed by qPCR. In conclusion, the changes in nebulin size between mouse skeletal muscles can partially be explained by differential splicing of the nebulin gene, and further studies are needed to ascertain in the mouse the correlation between nebulin size and thin filament length.
3177-Pos Board B282
The Function of Obscurin in Regulating Assembly and Symmetry of the Sarcomere in Drosophila Flight Muscle Anja R. Katzemich, Kevin R. Leonard, John C. Sparrow, Belinda Bullard. Obscurin is a 400 kDa protein in the M-line of insect flight muscle (IFM). The protein has 21 Ig domains, two Fn3 domains and two kinase domains near the C-terminus. The effect of reducing the expression of obscurin on the structure of the sarcomere was investigated.
A P-element inserted into the first intron of the gene resulted in reduced protein expression and homozygotes were unable to fly. Sarcomere length was normal, but the M-line was missing and the H-zone shifted from the middle of the sarcomere. Obscurin RNAi mutants had a similar but more extreme phenotype. Electron micrographs of mutant sarcomeres showed that thin filament length and the polarity of crossbridges was dependent on the position of bare zones in adjacent thick filaments: shifted bare zones resulted in abnormally short or long thin filaments. Isolated thick filaments were asymmetrical with displaced bare zones and in RNAi mutants, some thick filaments were up to three times the normal length. The kinase domains of obscurin are predicted to be inactive. Ligands binding to the two domains have been identified. Kinase 1 binds ball, itself a kinase, and kinase 2 binds MASK, which contains ankyrin repeats. MASK is present in both Z-and M-lines. RNAi mutants of ball and MASK had IFM with abnormal sarcomere structure: H-zones were shifted, thick filaments asymmetrical, and Z-discs irregular. Surprisingly, expression of obscurin was normal in RNAi mutants of both ligands, and MASK was present in obscurin RNAi mutants. Therefore, correct assembly of the sarcomere needs obscurin, ball and MASK. Obscurin is likely to form a scaffold binding ball and MASK. The two ligands are genetically linked to the same signalling pathway in the development of muscles in Drosophila.
3178-Pos Board B283 Effect of Confinement on Titin Conformation and Elasticity
Tannie B. Liverpool, Larissa Tskhovrebova, John A. Trinick. Elasticity in muscle sarcomeres results largely from the mechanical properties of the giant protein titin. The I-band parts of titin molecules form filamentous connections between thick filaments and the Z-line, and behave as semi-flexible polymers, passively coiling and uncoiling during changes in sarcomere length. Important questions about titin mechanics in vivo concern effects of confinement, due to the surrounding actin filament lattice and to the high local concentration of titin. The actin lattice changes across the I-band, from hexagonal near the A-band to tetragonal towards the Z-line. At resting sarcomere length, a single hexagonal unit cell has radius~27 nm (Millman, 1998) and contains the six titin molecules that emerge from each thick filament, with a space of radius R~11 nm available to each molecule. The tetragonal lattice has average side length~24 nm and contains three titin molecules, with radius~7.8 nm for each molecule. Taking into account the condition for transition from weak to strong confinement 2R < RF (De Gennes, 1979), or 2R~Lp (Cifra, 2009), and the average persistence length of titin (Lp, 9-19 nm), it can be concluded thatI-band titin is confined towards the Z-line. We analysed the effect of cylindrical confinement on the force-extension relationship of a polymer chain and showed it to lead to stiffening of the chain. This result, together with the above estimates, indicates that values of titin stiffness in situ derived from the interpolation formula for an unconfined worm-like chain (Marko & Siggia, 1995) are likely to be underestimates, even if titin molecules cross the I-band independently.
3179-Pos Board B284
Free Fall Force Spectroscopy of Nebulin Suggests Improved Folding after Repeated Stretching James W. Dunn, Jeffrey G. Forbes, Kuan Wang, Douglas D. Root. The gravitational force spectrometer (GFS) is capable of applying physiological forces from femtonewtons to the nanonewtons that single molecules might experience in their native environments. While macromolecules are under such loads, the instrument is also capable of measuring the absolute molecule length with a resolution of 5 5 nm. In order to measure a range of forces on the same single molecule, the GFS was attached to a spring system and dropped at up to free fall conditions which varied the force stretching the molecule from zero to greater than the weight of the attached glass microsphere. To apply this method to full length nebulin, the nebulin molecules were attached between two microspheres coated with antibodies to the N-terminus of nebulin on one microsphere and to the C-terminus on the other microsphere. Nebulin's structure is far less ordered than the coiled coil motif of the myosin rod, however, its properties are believed to include a function as an actin ruler in the sarcomere. By extending from the Z line to the end of the thin filament, it would measure approximately a micron, and it is thought to act as a compression spring to keep the actin under load. The force spectra of nebulin molecules acquired by this instrumentation indicated that upon repeated stretching, the nebulin displayed greater range of extension and less hysteresis in its force distance curve, and this change was maintained for at least one hour after the initial stretching. This result is consistent with the recent stretch-to-match ruler hypothesis (Langmuir 25:7496) , and it also demonstrates that nebulin could be extended to near full length (800 nm) by forces of only 80 pN when the force is applied repeatedly to the same single molecule.
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